Taste acuity of adult patients undergoing cancer treatment has been well investigated; however, studies of taste acuity after completion of cancer treatment are limited, particularly in children. This study aimed to assess taste acuity in pediatric cancer patients after treatment completion. Seventy-three patients who had completed cancer treatment (median age, 13 years; range, 7 -18 years) and had not received any further treatment for at least 6 months were enrolled. Eighty-one healthy children (median age, 10 years; range, 8 -19 years) served as controls. We determined the thresholds for four tastes (sweet, salty, sour, and bitter) using the filter-paper disc method. There was no significant difference in the thresholds of taste acuity for the four test solutions between the patient and control groups. The duration since treatment completion (<5 years vs. ≥5 years) had no significant impact on taste acuity for the four test solutions. The threshold for tasting salt was significantly higher in the group that had received chemotherapy + radiation and/or hematopoietic stem cell transplantation than that in the group that had received chemotherapy-only. Our results indicated that taste acuity after treatment completion in pediatric cancer patients was the same as that in healthy children. However, some treatment modalities were correlated with an impaired ability to taste salt. Gustatory test results should be considered while deciding nutritional support modalities after treatment completion in pediatric cancer patients.
Introduction
Taste acuity plays an important role in nutritional preference. In studies involving healthy populations, older age and male gender were identified as predictive factors for impaired taste acuity [1] [2] . Furthermore, changes in taste acuity have been reported in adult patients with various disorders, including chronic renal failure treated by peritoneal dialysis [3] , Parkinson's disease [4] , rheumatoid arthritis [5] , and chronic hepatitis C [6] . Changes in taste acuity are also common in adult cancer patients, presumably because of malnutrition and emotional stress caused by cancer and/or cancer treatment [7] . Taste acuity of cancer patients, particularly during the period of chemotherapy or radiotherapy, has been extensively studied [8] [9] . The prevalence of taste alterations among adult patients undergoing cancer treatment reportedly ranges from 46% to 77%, depending on cancer type, treatment modality, and method of taste acuity evaluation [10] - [13] . Although the mechanisms underlying taste alterations in these patients have not been fully identified, several possibilities have been proposed, including direct injury to taste buds, damage to the nervous system after surgery or local anesthesia, alterations in saliva excretion, and zinc deficiency [14] [15] .
In general, impairment of taste acuity reportedly occurs more frequently in adult patients with solid malignancies such as breast and ovarian tumors than that in those with hematological malignancies [16] - [18] . In these reports, platinum-containing drugs [17] or taxanes [18] were thought to be responsible for taste alterations. Radiation therapy [19] [20] and hematopoietic stem cell transplantation (HSCT) [21] are also factors influencing taste alterations. Most studies on taste acuity involve adult cancer patients, with relatively few studies evaluating taste acuity in pediatric cancer patients [22] - [24] . However, these studies included a limited number of patients undergoing chemotherapy or HSCT, and none evaluated changes in taste acuity in pediatric cancer patients after treatment completion. Considering that the prognosis of childhood cancer has improved in recent decades [25] , it is important to evaluate changes in taste acuity in pediatric cancer survivors to ensure that they consume an adequate diet.
Methods

Study Subjects
This cross-sectional study was conducted at two hospitals, Kyoto University Hospital and Nara Medical University Hospital. Seventy-three children (median age, 13 years; range, 7 -18 years) who completed treatment for pediatric cancer were enrolled in this study. The cancer types included acute lymphoblastic leukemia, acute myeloid leukemia, lymphoma, Langerhans cell histiocytosis, brain cancer, and other solid cancers. Patients who met the following criteria were enrolled: age > 6 years at the time of study enrollment and no cancer treatment for at least 6 months prior to enrollment. We selected patients aged >6 years because previous investigators established that children could recognize four basic tastes at the age of 6 years using the gustatory test [26] [27] . Eighty-one healthy children (median age, 10 years; range, 8 -19 years) served as a control group. These children were students of an elementary school attached to Nara Women's University, Nara Women's University secondary school, Nara Women's University, and Kyoto Bunkyo University. Their age and gender distributions were not statistically different from those in the patients group. The characteristics of the patients and controls are shown in Table 1 . Patients had a regular diet throughout the study period without restricting any specific foods. The study protocol was approved by the ethical and epidemiological committees of Nara Women's University and the two hospitals participating in this study. Patients themselves provided written informed consent if they were older than 15 years, while a parent or guardian provided consent for patients younger than 15 years.
Taste Acuity Measurement
The gustatory test was conducted in the morning at a fasting state by a trained dietitian (author AN) using the filter-paper disc (FPD) method [28] . The children's recognition thresholds for four basic tastes were evaluated using test solutions (sweet, sucrose; salty, sodium chloride; sour, tartaric acid; and bitter, quinine hydrochloride) [28] (Taste disc ® ; Sanwa Chemical Co., Ltd., Nagoya, Japan). The test solutions included five grades of concentrations, with grade 1 being the lowest concentration and grade 5 being the highest. The exact concentrations used for the four test solutions were 8.8, 74, 292, 584, and 2336 mM for sucrose (sweet); 51.4, 214, 856, 1714, and 3420 mM for sodium chloride (salty); 1.3, 13.3, 133, 266, and 532 mM for tartaric acid (sour); and 0.025, 0.5, 2.5, 12.5, and 100 mM for quinine hydrochloride (bitter) [29] . During the test, each child's mouth was rinsed with distilled water before testing the next concentration. After rinsing, a 5-mm test disc saturated with the test solution was placed on the left lateral part of the tongue, approximately 2 cm from the proglossis (i.e., the locus of the chorda tympani nerve), for a few seconds. The test was initiated with the lowest concentration, which was gradually increased until the taste was recognizable. An interval of at least 1 min was allowed between testing each concentration. The concentrations at each taste were serially scored from disc number 1 (lowest) to number 5 (highest). The lowest concentration at which the specific taste was correctly identified was defined as the recognition threshold. If the child could not detect the taste at the highest concentration, a score of 6 was assigned [30] .
Statistical Analysis
Differences in demographic characteristics and taste acuity between the patients and controls were analyzed using the Chi-squared test and the Mann-Whitney U-test. The Chi-squared test was used to evaluate differences in the recognition of taste at each concentration between the patients and controls. The Chi-squared test was also used to analyze differences in taste acuity between groups stratified by duration since treatment completion and treatment modality. All statistical analyses were performed using Excel Statistics software (ver. 2010; SSRI Co., Ltd., Tokyo, Japan). A p-value of <0.05 was considered statistically significant.
Results
Comparison of Taste Acuity between Patients and Controls
The proportion of study participants in the patient and control groups who were able to taste the four test solutions at each concentration is shown in Figure 1(a) and Figure 1(b) , respectively. There was no significant difference in the distribution of taste recognition at each concentration of the four test solutions between the patient and control groups.
Effect of Duration since Treatment Completion on Taste Acuity
To determine whether duration since treatment completion had an effect on taste acuity, we divided the patients into a group that had completed treatment <5 years back and a group that had completed treatment >5 years back. , and concentration 6: . Differences between the two groups as determined by the Chi-squared test were as follows: sweet, p = 0.38; salty, p = 0.93; sour, p = 0.92; and bitter, p = 0.39. Figure 2 , there were no significant differences in the distribution of recognition thresholds for the four test solutions between the two groups.
As shown in
Comparison of Taste Acuity between Chemotherapy-Only and Chemotherapy + Radiation and/or HSCT Groups
The patients were divided into two groups on the basis of treatment received: chemotherapy-only and chemotherapy + radiation and/or HSCT. As shown in Figure 3 , the chemotherapy-only group had a significantly higher threshold for tasting the salty solution compared with the chemotherapy + radiation and/or HSCT group. However, there was no significant difference between groups in the threshold for tasting the other three test solutions.
Discussion
Taste alteration, which may cause a loss of appetite that leads to malnutrition and/or weight loss, is a serious problem experienced by many cancer patients [8] [9] . Among several treatment modalities, chemotherapeutic agents, radiation, and HSCT are regarded as major causes of taste alterations [8] [9]. Bernhardson et al. [11] reported that 67% patients with various types of cancer (breast, gastrointestinal, and gynecological) experienced taste alterations during chemotherapy. Zabernigg et al. [31] demonstrated that the incidence of taste alterations was the highest for patients with pancreatic, lung, or colorectal cancer treated by irinotecan followed by a combination of 5-fluorouracil and oxaliplatin. Taxanes and other platinum-containing agents have also been reported to cause impaired taste acuity in adult patients with breast or gynecological cancer [16] [17] . However, no specific regimens or chemotherapeutic agents have been reported to cause taste alterations in pediatric cancer patients. Another factor that needs investigation is the duration for which these taste alterations last in cancer patients. Steinbach et al. [16] examined gustatory function in 87 adult cancer patients using the FPD method before, during, directly after, and 3 months after the completion of chemotherapy. They found that taste acuity for the four tastes decreased uniformly during and directly after chemotherapy and returned to pretreatment levels 3 months after chemotherapy completion. Yamashita et al. [32] reported that the taste dysfunction experienced by headand-neck cancer patients who had received radiation to the anterior part of the tongue was temporary. Ruo Redda and Allis [33] described patients in whom taste alterations lasted for >6 months after irradiation. Marinone et al. [34] reported that the thresholds for salty and sour tastes significantly increased in 15 adult patients at 4 -51 months after HSCT compared with those in 20 healthy subjects. Boer et al. [35] reported that impairments in recognizing sweet and salty tastes persisted for up to 3 years after HSCT. Barale et al. [22] assessed the recognition thresholds for the four tastes in 11 children who had undergone HSCT and found that the threshold for salty taste significantly increased 2 days after transplantation and returned to the pretreatment level 45 days after transplantation.
In the present study, the gustatory test was conducted for pediatric cancer patients with at least a 6-month duration since treatment completion. We found that taste acuity of these patients was, as a cohort, almost equal tothat of healthy controls. With regard to the duration since treatment completion, we failed to detect any sig- nificant effect when we used a 5-year cut-off duration. We selected this cut-off duration in the present study because a previous study determined that taste alterations did not generally last for >5 years after HSCT [34] . When other cut-off durations were used for statistical analysis (i.e., 3 and 10 years), the results were almost identical to those obtained when a 5-year cut-off was used. This may be because only those patients with at least a 6-month duration since treatment completion were included. However, to determine a baseline level for taste acuity, patients should be tested before or immediately after treatment completion.
In addition, in the present study, patients who had received chemotherapy + radiation and/or HSCT had decreased taste acuity for salt compared with patients who had received chemotherapy only. This result is consistent with those of previous studies conducted by Ruo Redda et al. [33] , Marinone et al. [34] , and Boer et al. [35] , although taste impairments differed among the three studies; the impairments were for salty and bitter tastes in one study [33] , salty and sour tastes in another [34] , and sweet and salty tastes in the third [35] . The reason for these discrepancies remains uncertain at present.
The present study had several limitations. First, the types of cancer were quite heterogeneous, making it difficult to draw definitive conclusions. Second, this was a cross-sectional study; therefore, taste acuity of each patient was measured only once. For a better understanding of changes in taste acuity after cancer treatment completion, serial measurements of taste acuity are required, including measurement immediately after treatment completion. This study also had its strengths. First, as per our knowledge, this was the first study to evaluate taste acuity after treatment completion in pediatric cancer patients using the FPD method. Second, an age-and gender-matched control group, which was lacking in most previous studies, was included.
The findings of this study demonstrated no significant differences in acuity for four basic tastes between pediatric cancer patients who had undergone treatment and healthy controls, indicating that the persistence of taste alterations, if any, may be marginal after a certain period has lapsed since treatment completion in pediatric cancer patients. However, the results also indicated that the acuity for specific tastes may differ with treatment modality. Since taste acuity is thought to influence nutritional preference, careful observation of nutritional status in pediatric cancer survivors, including evaluation of their at-home diets, is necessary. Further studies are needed to investigate changes in taste acuity in pediatric cancer patients during and immediately after treatment.
